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Foklini,  Frank  John,  Jr.  Indirect  measurement  of  systolic  blood 
pressure  during  +C7*  acceleration.  J.  Appl.  Physiol.  37(4):  584-586. 
1974. — Nonitwasive  determination  of  systolic  blood  pressure 
(Psa)  during  +G,  acceleration  is  inadequate  due  to  biological 
v'brations  secondary  to  skeletal  muscle  straining  maneuvers.  By 
use  of  a Doppler  ultrasonic  How  probe,  occlusive  arterial  cull'  with 
a cuff  pressure  transducer  (sphygmomanometer)  and  a long  arm 
cast  for  flow  probe  stability,  no  significant  difference  was  found 
between  this  noninvasive  system  and  direct  arterial  Psa  up  to 
+5  G*.  Employment  of  such  a noninvasive  system  is  accurate  and 
atraumatic  and  reduces  the  need  for  qualified  professional  person- 
nel to  perform  arterial  catheterization. 

Doppler  ultrasonic  How  probe;  automatic  sphygmomanomciry 


^ determination  of  systolic  blood  pressure  (Psa)  with  noninvasive 
techniques  is  more  desirable  than  arterial  invasion  due  to  vascular 
complications  and  subject  discomfort  associated  with  the  latter 
procedure  (1,  2,  9).  In  high,  sustained  +G*  environments,1  accu- 
rate determination  of  this  physiological  parameter  by  indirect 
Korolkoff  sound  detection  Iwcomcs  inadequate  due  to  biological 
noise  artifact  induced  by  increased  skeletal  muscle  straining  during 
performance  of  the  M-l  maneuver*  necessary  to  prevent  blackout 
and  unconsciousness.  This  report  describes  a new  technique  • 
utilizing  a transcutaneous  Doppler  ultrasonic  flow  prolx.*  sphyg- 
momanometer system  for  noninvasive  determination  of  Psa  during 
+U,  environments.  Noninvasive  Psa  determinations  were  con- 
firmed by  simultaneous  invasive  Psa  determinations  in  the  contra- 
lateral arm. 


METHODS 

Prior  to  instrumentation  right-left  arm  Psa  differences  were 
elicited  for  each  subject.  Four  simultaneous  bilateral  Psa  deter- 
minations were  performed  on  each  subject  by  two  observers 
utilizing  standard  cuff/mercury  manometer  techniques  (4).  To 
eliminate  observer  variability,  each  observer  performed  two  of  his 
four  determinations  on  each  arm.  Left  arm  Psa  was  significantly 
higher  in  ail  subjects  (/•’  test,  P < 0.02).  Mean  difference  was  0.9 
inmHg  with  a subject  difference  range  of  +0.5  to  +2.0  mmHg. 
These  differences,  although  statistically  significant,  were  consid- 
ered to  be  negligible  and  within  the  limits  of  the  technique. 

1 +G«  acceleration:  inertial  vector  in  hcad-to-foot  direction. 

i M-l  maneuver:  repeated,  forceful  exhalations  against  a partially 
closed  glottis  with  vigorous  tensing  of  skeletal  musculature.  Each  ex- 
halation is  prolonged  to  4-5  s and  followed  by  rapid  inhalation. 


Direct  arterial  blood  pressure.  Percutaneous  right  radial  artery 
catheterization  under  local  anesthesia  (2%  Xylocaine;  Astra 
Pharmaceutical  Products,  Inc.,  Worcester,  Mass.)  was  performed 
with  a 20-gaugc  Teflon  catheter  (Longdwel;  Becton,  Dickinson 
and  Co.,  Rutherford,  N.J.)  utilizing  aseptic  technique.  A Statham 
P37  miniature  pressure  transducer  (range:  0-300  mmHg)  was 
connected  to  the  radial  artery  catheter  by  a 46-cm  sterile  hard- 


fio.  1.  Upper  portion  is  block  diagram  for  automatic  sphygmo- 
manometer system  (with  Korolkoff  sound  detector)  as  original:}' 
developed  by  Rogge  et  al.  (8).  l<ower  portion  is  block  diagram  of 
Doppler  ultrasonic  How  probe  system. 

wall  Teflon  connector  (ID  0.0625  inch,  OD  0.12  inch).  The  trans- 
ducer was  calibrated  0-250  mmHg  with  a mercury  manometer. 
Catheter  patency  was  maintained  by  frequent  introduction  of 
heparinized  saline  solution  (3  units. 'ml  normal  saline)  which  was 
performed  slowly  and  with  a maximum  of  2 m!  of  solution  to  pre- 
vent the  possibility  of  retrograde  systemic  cmljolization  (6). 

Indirect  Doppler /sphygmomanometer  system : pressure  cuff  portion , A 
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h‘  no.  2.  Artist’s  roncrptiott  of  Doppler/sphygmomanomctcr  insiru- 

& mentation  on  human  left  arm.  Lour  arm  cast  (plaster  of  Paris)  is 

K:  utilized  to  stabilize  temporal  relationship  between  Doppler  flow  probe 

E'  and  radial  artery  lumen  during  changing  +0,  environments.  Invasive 

S measurement  of  systolic  blcx>d  pressure  was  performed  from  the  right 

radial  artery. 

|,  standard  12  x 23  cm  Velco  arterial  cull'  (4)  with  a cull'  pressure 

|)  transducer  was  placed  around  the  left  upper  arm  for  brachial 

If  artery  occlusion  and  ettff  pressure  recording  during  bleed  oil'. 

\ Pressure  range,  was  0-250  mmHg  with  a preset  electronic  calibra- 

" tion  of  210  inmHg.  A piezocrystal  microphone  for  detection  of 

i-  KorotkofF  sounds  was  placed  under  the  distal  entl  of  the  cuff  over 

the  most  prominent  pulsation  of  the  left  brachial  artery.  Output 
of  the  cuff  pressure  transducer  and  microphone  were  amplified 
| and  superimposed  for  appropriate  display  after  passage  over  cen- 

j|  trifuge  slip  rings.  The  KorotkofF  sound  trace,  although  inadequate 

j t for  independent  Psa  determination  during  high,  sustained  +G4 

l acceleration,  was  used  ax  a marker  on  the  cuff  pressure  record  to 

j£  visually  detect  ’.he  cardiac  cycle  associated  with  resumption  of 

| blood  flow  as  detected  by  the  Doppler  ultrasonic  flow  probe  (see 

j'-  below).  Cuff  inflation  was  automatic  with  a 34-x  cycle  time  and  a 

x bleed -off  rate  of  8 mmHg/s.  Figure  1 (top  portion)  is  a block  dia* 

£ gram  of  the  cuff-microphone  system  (8). 

f indirect  Doppler/ sphygmomanometer  system : Doppler  portion.  A 

%■  transcutaneous  Doppler  ultrasonic,  flow  prolx:  for  detection  of 

V arterial  flow  resumption  after  fall  of  cuff  pressure  Mow  brachial 

I Psa  was  carefully  attached  with  adhesive  collars  to  the  skin  over- 

St  lying  the  left  radial  artery.  Transmission  gel  (Aquasonic  UK), 

£'■  Parker  Laboratories,  Inc.,  Irvington,  N.J.)  was  applied  to  each 

l-  hemicrystal  and  the  underlying  skin  to  facilitate  transmission  of 

( A incident  ami  reflected  ultrasound.  Crystal  excitation  frequency 

t was  8.5  MHz  and  Doppler  shift  signals  were  received  in  a uni- 

el  ‘ : directional  flow  channel  (L  & M Electronics,  Inc.,  Daly  City, 


Calif.).  A bivalved  plaster  of  Paris  long  arm  cast  with  a flow 
prolx*  window  (Fig.  2)  was  utilized  to  prevent  disturbance  of  the 
established  temporal  relationship  between  the  Doppler  flow  probe 
and  radial  artery  lumen  during  increased  straining  maneuvers. 
Elbow,  wrist,  and  metacarpal  joints  were  immobilized.  Both  arms 
were  supported  on  full  length  arm  rests  to  prevent  downward 
movement  during  increased  +G*.  Foam  mblier  padding  was 
interposed  ixuwcen  the  left  arm  rest  anti  the  plaster  of  Paris  cast 
to  prevent  transmission  of  spurious  centrifuge  capsular  vibrations 
through  the  cast  to  the  Doppler  flow  probe.  The  lower  portion  of 
Fig.  1 is  a block  diagram  of  the  Doppler  system. 

Data  acquisition.  The  vertical  distance  between  the  piezocrystal 
microphone  and  Statham  pressure  transducer  was  measured  for 
calculation  of  the  hydrostatic  column  during  the  increased  + G* 
environment.  The  Statham  pressure  transducer  diaphragm  was 
oriented  parallel  to  the  inertial  vector  to  eliminate  a G effect  on 
Psa  determination.  Direct  arterial  blood  pressure,  Doppler  flow 
signal,  and  cuff  pressure  with  superimposed  KorotkofF  sounds 
were  continuously  recorded  (Fig.  3).  The  Doppler  signal  was  care- 
fully monitored  with  headphones.  The  first  audible  Doppler  shift 
signal  after  zero  flow  was  used  to  determine  Psa  from  the  cuff 
pressure  record.  Although  the  superimposed  KorotkofF  sounds  are 
not  needed  for  determination  of  Psa  with  this  method,  they  are 
useful  in  identifying  a cardiac  cycle  associated  with  a weak  audible 
Doppler  shift  signal  (first  momentary  opening  of  brachial  artery). 
In  such  a case,  no  Doppler  shift  is  indicated  on  the  pen  recording 
system.  A pen  mark  is  quickly  placed  by  the  Korotkoff  sound 
associated  with  the  audible  Doppler  shift  signal  and  serves  as  a 
permanent  record  of  where  the  Doppler  event  occurred.  Continu- 
ous direct  arterial  pressure  was  recorded  and  then  compared  to 
the  indirectly  determined  Psa  following  hydrostatic  column  cor- 
rection. 


+Gi  ACCELERATION 


KOROTKOFF  SOUNDS  AND  CUFF  PRESSURE 


ARTERIAL  PRESSURE 


kki.  3.  Zero  flow  on  Doppler  channel  in  left  brachial-radial  artery 
system  produced  by  occlusive  cuff.  First  audible  Doppler  “sound” 
(▼)  indicates  resumption  of  radial  artery  flow  and  identifies  Psa  on 
cuff  pressure  record  (arrow  up).  Simultaneous  direct  arterial  pressure 
(arrow  down)  confirms  the  indirect  Psa  measurement.  Arterial  pres- 
sures arc  not  hydrostatically  correct  in  this  figure.  Note  disappearance 
of  Doppler  flow  signal  2 heats  later  with  fall  in  arterial  pressure. 
Korotkoff  sounds  appearing  23)  s before  flow  resumption  do  not  cor- 
relate with  hydrostatically  corrected  direct  arterial  Psa. 
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TABU-:  !.  Indirect  {left  arm)  and  direct  ( right  arm) 
systolic  blood  pressure  (mmflg)  at  various  +Gt  levels 


G Level 

Indirect  Psa 

Direct  Psa 

Significance 

I G, 

117.2  ± 3.2 

117.8  ± 3.3 

NS 

3 G, 

139.2  ±0.7 

K18.8  ± 0.4 

NS 

3.5  G, 

158.9  ± 7.9 

158.3  ± 7.9 

NS 

5 G, 

191.8  ± 11.5 

191.4  ± H.9 

NS 

All  +G,  levels 

151.8  ± 4.9 

151.6  ± 4.0 

NS 

combined 


Psa  values  arc  means  + SE  calculated  from  mean  duplicate  Psa 
determinations  at  each  +G«  level  on  6 subjects  (values  are  hydro- 
statically corrected).  NS  = not  signilicant. 

Indirect  Psa  determinations  were  made  every  34  s during  con- 
trol and  acceleration  periods.  AH  recordings  were  accomplished  on 
a Brush  model  200  direct  pen  recorder  at  10  or  25  mm  s paper 
speed.  Frequency  response  is  50  Hz.  ECO  rate  and  rhythm,  anti-G 
suit  pressure  and  G level  were  continuously  monitored. 

An  deration.  Six  active  duty  male  USAF  personnel  (age  range: 
21-25  yr)  were  exposed  to  rapid  onset  runs  (1  (J  s)  of  3.0,  3.5, 
and  5.0  +G»  on  the  USAFSAM  human  centrifuge.  Each  accel- 
eration period  was  for  60  s.  Adequate  rest  periods  were  aflorded 
to  allow  blood  pressure  and  heart  rate  to  return  to  control  levels 
lx*tween  +G*  exposures.  Three  subjects  were  instructed  to  inten- 
sify their  straining  maneuver  during  the  +5.0  G,  acceleration  in 
order  to  increase  Psa  aix>vc  200  mmHg.  Such  a maneuver  simu- 
lates the  muscle  straining  artifacts  which  commonly  interfere  with 
indirect  Psa  determination  during  higher  +G,  environments.  All 
subjects  were  protected  with  a standard  USAF  CSU  12  P in- 
flatable anti-G  suit  and  had  control  of  the  centrifuge  safety  brake. 

RKSCl.tS 

Table  I displays  means  and  standard  errors  for  Psa  ns  deter- 
mined by  the  indirect  Doppler  sphygmomanometer  method  and 
direct  arterial  invasion  (hydrostatically  corrected)  at  each  G level 
and  all  G levels  combined.  'The  paired  t test  was  used  to  test  for 
significance.  No  signilicant  difference  was  found. 

DisorxsioN 

The  determination  of  Psa  by  direct  arterial  invasion  has  !x*cn 
frequently  used  during  exposure  to  dynamic  G environments 
(5,  III).  Measurements  referenced  to  a single  point  within  u G field 
(eye,  heart,  foot  level)  are  accurate  and  continuous.  Arterial 
invasion,  however,  is  not  a procedure  without  complications.  Sub- 
cutaneous hematoma,  retrograde  air  emlxilization,  distal  systemic 
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thrombosis -embolization,  pulse  loss  (with  resultant  tissue  Oj com- 
promise), and  infection  are  sequelae  that  have  been  encountered 
in  cardiac  catherization  laboratories  (I).  Noninvasive  methods, 
under  most  circumstances,  are  preferable  and  more  conducive  to 
subject  comfort. 

Until  the  need  to  study  effects  of  high,  sustained  +G*  environ- 
ments, indirect  determination  of  Psa  by  Korotkoff  sound  detection 
had  liecn  considered  adequate.  Narrow  band-pass  filtering  (12-34 
Hz)  is  employed  to  permit  passage  of  the  major  energy  compo- 
nents contained  in  Korotkolf  sounds  while  eliminating  significant 
portions  of  higher  environmental  frequencies  (7,  8).  Utilization  of 
such  techniques,  however,  does  not  eliminate  biological  vibratory 
and  motion  artifact  produced  during  skeletal  muscle  straining 
maneuvers  necessary  during  high  +G*  environments.  Noninva- 
sivc  determination  of  arterial  pressure  with  ultrasound  kincto- 
arteriography  (arterial  wall  motion  .detection)  as  introduced  by 
Ware  (12)  and  confirmed  with  arterial  invasive  techniques  by 
Kemmerer  ct  al.  (3)  and  Stegall  et  al.  (1 1)  have  been  reported  in 
motionless  subjects.  Application  of  the  technique  for  determination 
of  arterial  systolic  blood  pressure  during  low-G  centrifugation  by 
our  lalioralory  (Biodynamics  Branch  USAFSAM)  has  shown  the 
method  to  bft  less  reliable  than  Korotkoff  sound  detection  in  non- 
straining  subjects  and  uninterpretablc  during  skeletal  muscle 
straining  maneuvers.  I.imb  restraints  and  multiple  hcmicrystals 
were  used  in  the  study. 

In  this  study,  employment  of  a Doppler  ultrasound  velocity 
How  prolx*  (detection  of  flow  rather  than  wall  motion),  automatic 
sphygmomanometer  cuff,  and  a modified  long  arm  cast  has 
eliminated  many  of  the  problems  associated  with  indirect  deter- 
mination of  Psa  during  +(»« acceleration.  In  addition,  the  method 
is  atraumatic  and  further  reduces  the  need  for  qualified  profes- 
sional personnel  tu  perform  arterial  catheterization. 
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